Abstract: We present the results of using polymer-dispersed liquid crystal for threedimensional bit optical data storage based on its two-photon induced polarisation sensitivity. A bit density of 23.5 Gbitskm' and complete erasure of the data via ultra-violet illumination were achieved.
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Three-dimensional (3-D) optical data storage systems can achieve data densities of the order of 100 to 1000 times more than conventional twodimensional (2-D) data storage systems such as compact discs (CD) and digital versatile discs (DVD). The materials used for current research on 3-D optical data storage systems can be divided into three broad categories; photorefractive crystals' (e.g. LiNb03), various ?pes of glasses2, and polymer based materials '. Currently, polymer based materials can be separated into photobleaching, photochromic and photorefractive types.
Polymer-dispersed liquid crystals (PDLCs) are a new type of polymer based material5. They consist of small micro-droplets of liquid crystals dispersed in a polymer matrix. Upon illumination of an electric field, the re-orientation of the directors of the nematic liquid crystals occurs. I n the unexposed zone, the liquid crystal directors have random alignment but in the exposed zone the directors align. Such an effect leads to a field induced polarisation effect. In this situation the characteristics of the fluorescence changes depending upon whether the illuminated region has the liquid crystal directors aligned or not. I n the aligned zones, the fluorescence varies with the polarisation state of the illumination light. The non aligned region (those with random directors) shows no such polarisation dependency. We have utilised this effect for 3-D bit optical data storage. The written zone (aligned directors) fluoresces more intensely than the unwritten zone, which provides a mechanism for reading the stored data.
The material was manufactured using various concentrations of 4-pentyl-4'-cyano biphenyl (E49) liquid crystal, 2,4,7-trinitro-9-flourenone (TNF) as the photosensitive material and Nethyl$arbazole (ECZ) as the plasticiser; all doped into the polymer poly methyl methacrylate (PMMA). The absorption of this new material is negligable at a wavelength of 900 nm. Therefore, a laser with an infrared wavelength at 900 nm can be used in the writing process to produce twophoton (2-p) excitation at wavelength 450 nm and a reading wavelength of 850 nm can be used for 2-p fluorescence imaging. A Spectra-Physics Tsunami (Ti-Sapphire) ultrashort pulsed laser was focused into the PDLC sample. This method enables data to be writtederased and re-written into the volume of a PDLC mixture, therefore obtaining high data storage densities. The mechanism involved is based on the alignment of the director of the liquid crystals within the dispersed droplets, leading to an enhancement of the fluorescence intensity within the written data bits.
